Introduction: This study assessed baseline cardiovascular (CV) risk factors, concomitant CV medication use, risk of major adverse cardiac events-plus (MACE-plus), and bleeding adverse events (AEs) in patients with idiopathic pulmonary fibrosis (IPF) in three randomized, placebo-controlled phase III trials of pirfenidone. Methods: Patients in the pirfenidone phase III trials were included. Patients with unstable or deteriorating cardiac disease within 6 months before enrollment were ineligible. Medical Enhanced Digital Features To view enhanced digital features for this article go to https://doi.org/10.6084/ m9.figshare.9205154.
history at baseline and concomitant CV medication use during treatment were reported. A retrospective, blinded review of AE preferred terms was conducted to identify MACE-plus and bleeding events. Subgroup analyses examined the impact of concomitant CV medication use on how pirfenidone treatment affected clinical outcomes. Results: In total, 1247 patients were included [n = 623 pirfenidone (2403 mg/day) and n = 624 placebo]. The median age was 68 years, 74% were male, and 65% were current/former smokers. Commonly reported CV risk factors included hypertension (52%), obesity (44%), hypercholesterolemia (23%), and hyperlipidemia (23%). Pre-existing cardiac disorders included coronary artery disease (16%), myocardial infarction (5%), and atrial fibrillation (5%). Lipid-modifying agents (60%), antithrombotic agents (54%), and renin-angiotensin inhibitors (39%) were commonly used concomitant CV medications. The incidences of MACE-plus and bleeding events were similar between the pirfenidone and placebo groups (1.8% and 2.9% for MACE-plus events and 3.7% and 4.3% for bleeding events, respectively). Except for patients receiving heparin, pirfenidone had a beneficial effect compared with placebo on efficacy outcomes regardless of concomitant CV medications. Conclusions: CV risk factors and comorbidities and use of concomitant CV medications are common in patients with IPF. Pirfenidone did INTRODUCTION Idiopathic pulmonary fibrosis (IPF) is an irreversible, progressive, unpredictable, and fatal fibrotic lung disease that occurs predominantly in older adults. The prognosis of IPF is poor, with an estimated median survival of 2-5 years from the time of diagnosis and survival rates lower than those reported for many common cancers [1] [2] [3] [4] . Until recently, no treatments were available for IPF. In 2014, two drugs, pirfenidone and nintedanib, were approved in the USA to treat IPF. Pirfenidone is an oral small molecule with antifibrotic and antiinflammatory properties that slow fibrosis in various in vivo models [5, 6] . Nintedanib is an oral small molecule that inhibits multiple receptor tyrosine kinases, including platelet-derived growth factor receptor a and b, fibroblast growth factor receptors 1-3, and vascular endothelial growth factor receptors 1-3, which have been implicated in IPF pathogenesis [7] . Cardiovascular (CV) diseases and risk factors constitute an important group of comorbid conditions in patients with IPF, and medications are often used to treat patients with CV risk factors [8] [9] [10] [11] [12] . The profile of patients with IPF ([ 60 years of age, mostly male, and frequently current or former smokers) is similar to the general profile of patients at higher risk for CV disease. A recent review described a high prevalence of CV disease and CV risk factors, including arrhythmia, atrial fibrillation, ischemic heart disease, cerebrovascular disease, diabetes, hypercholesterolemia, hyperlipidemia, and weight disorders, in patients with IPF [12] . In a claims database analysis, patients with IPF were reported to have a significantly higher prevalence of coronary artery disease, heart failure, atrial fibrillation, and myocardial infarction than matched controls [13] . Patients with IPF have also been reported to be significantly more likely than the general population to have a history of hypertension and diabetes and to have received several CV medications, even prior to IPF diagnosis [8, 11] . A higher prevalence of coronary artery disease has also been reported in patients with IPF compared with matched patients who had chronic obstructive pulmonary disease [9] .
A recent study of the impact of comorbidities on mortality in patients with IPF showed a significant negative impact of coronary artery disease, arteriosclerosis, and other CV diseases (mainly valvular heart disease, cardiac arrhythmias, and dilated cardiomyopathy) on survival [14] . Of note, the use of statins in patients with IPF was recently reported to be associated with better clinical outcomes, including lower risks of death, all-cause hospitalization, respiratoryrelated hospitalization, and IPF-related mortality [15] . On the other hand, warfarin as a primary therapy for IPF was shown to be associated with an increased risk for all-cause mortality and combined all-cause mortality (i.e., nonelective, non-bleeding hospitalization, and mortality) in a clinical trial, which was stopped early because of these deleterious outcomes [16] . Furthermore, a post hoc analysis of patients with IPF who were randomized to placebo in the pirfenidone phase III trials suggested that baseline use of anticoagulants (90.6% warfarin) for medical indications (primarily atrial fibrillation, prophylaxis of venous thromboembolism, and deep vein thrombosis) was an independent risk factor for IPF-related mortality [17] . In addition, a retrospective cohort study of patients with IPF suggested worse survival and shorter time to disease progression in patients receiving anticoagulants [18] . There is a general uncertainty about the safety of warfarin in patients with IPF with secondary indications for anticoagulation, such as atrial fibrillation and venous thromboembolic disease [17, 19] .
Due to the increased CV risk in the IPF patient population and its correlation with mortality, understanding the impact of IPF treatment on CV and bleeding events in patients with IPF is critical. This analysis examined whether pirfenidone treatment impacted the CV [major adverse cardiac events-plus (MACE-plus)] and bleeding risks in patients with IPF enrolled in the three phase III trials of pirfenidone. In addition, the analysis also assessed whether concomitant CV medication use affected the treatment outcome of pirfenidone. The prevalence of CV risk factors, CV comorbidities, and related concomitant medication use in these three trials is provided. These findings will provide an additional consideration when implementing treatment for IPF, especially in patients with CV risk factors.
METHODS

Data Source
All patients randomized to pirfenidone 2403 mg/day or placebo in the phase III paired CAPACITY studies (studies 004 and 006; NCT00287716 and NCT00287729) and the ASCEND study (study 016; NCT01366209) were included [20, 21] . Because 2403 mg/day is the target approved pirfenidone dose for treatment of IPF, 87 patients in the CAPACITY study who received the lower dose of 1197 mg/day were not included in this analysis.
In the two CAPACITY studies, patients were treated for a minimum of 72 weeks and followed up until study closure (maximum, 120 weeks). In the ASCEND study, patients were treated and followed up for 52 weeks. Patients with a history of unstable or deteriorating cardiac or pulmonary disease (other than IPF) within the 6 months before enrollment were ineligible for all three studies. There were no exclusion criteria for patients receiving antithrombotic (antiplatelet or anticoagulation) medications; however, these drugs could not be prescribed as primary therapy for IPF.
A complete medical history at baseline and concomitant medication use during the treatment period were collected and recorded by study investigators. These studies were conducted in full conformance with the Guidelines for Good Clinical Practice and principles of the Declaration of Helsinki. Approval was obtained from all ethics committees/independent review boards at each study site (see Appendix 1, Supporting Information), and all patients provided written informed consent.
Analyses
Patient demographics and clinical characteristics at baseline were reported for the pirfenidone 2403 mg/day and placebo groups. A post hoc, blinded review of treatment-emergent MACE-plus and bleeding AEs that occurred up to 28 days post-treatment was conducted. MACE-plus events were adjudicated by an external, academic cardiologist who was blinded to the assigned treatment.
AE preferred terms were used to identify occurrences of MACE-plus and bleeding events. MACE-plus included any CV death [due to myocardial infarction, sudden cardiac death, heart failure, stroke, CV procedures (immediate), and other CV causes (e.g., pulmonary embolism, peripheral arterial disease)], non-fatal myocardial infarction, non-fatal stroke, and acute coronary syndrome [22] [23] [24] . Incidences of MACE-plus and bleeding AEs were summarized by treatment group; P values from the Fisher exact test were determined for descriptive purposes. Kaplan-Meier curves were used to graphically display time to first MACE-plus or bleeding event; P values from an unadjusted log-rank test were determined for descriptive purposes.
Subgroup analyses were performed to examine whether the pirfenidone benefit observed in the pooled analyses of the phase III trials persisted when patients also received concomitant cardiovascular medications. Clinical outcomes up to month 12 were compared between treatment arms in each medication subgroup of patients with or without concomitant use of selected CV medication classes during the first year (start date on or before day 365) to assess the impact of these medications on the benefit of pirfenidone. The following outcomes were evaluated: death from any cause; any respiratory-related hospitalization; C 10% absolute decline in percent predicted forced vital capacity (% predicted FVC) or death from any cause; and C 10% absolute decline in % predicted FVC or any respiratory-related hospitalization or death from any cause. To be consistent with the primary efficacy analysis from the individual studies, patients with a missing % predicted FVC value for a reason other than death had the value imputed using the sum of squared differences (SSD) method [20, 21] . The percentage of patients with data imputed using the SSD method was low (month 12: 6.9% pirfenidone, 5.4% placebo); sensitivity analyses were performed to examine the primary analysis results using other imputation methods and the findings remained consistent [20, 21, 25] . For cases when the % predicted FVC was imputed, the corresponding FVC assessment date was imputed as the targeted visit date or the last assessment date, whichever came first. Medication classes included any antithrombotic agent, any anticoagulant agent, warfarin, heparin (including low-molecular-weight heparins), any antiplatelet agent, acetylsalicylic acid, and any statin. Within each medication class, the hazard ratio (95% confidence interval) for the time to first event between pirfenidone and placebo groups was estimated using the Cox proportional hazards model, with individual studies as a stratification factor and no additional covariate adjustments. The proportional hazards assumption was evaluated using the supremum test [26] .
As a reference, real-world CV comorbidity rates were also provided based on data from the prospective, real-world pirfenidone registry, PASSPORT, and similar registries of patients with IPF, INSIGHTS-IPF and IPF-PRO [27] [28] [29] .
RESULTS
Baseline Demographics of Patients in the Phase III Trials of Pirfenidone
A total of 1247 patients (555 from ASCEND and 692 from CAPACITY) were included. Among these patients, 623 received pirfenidone 2403 mg/day and 624 received placebo.
Baseline demographics and clinical characteristics were similar between the pirfenidone and placebo groups (Table 1) . Overall, the median age was 68.0 years, and 74.4% of patients were male. Upon evaluation of smoking status, 34.6% of patients had never smoked, 63.4% had previously smoked, and 2.0% were current smokers (the ASCEND study did not enroll current smokers).
Cardiovascular Comorbidities and Concomitant Medication Profile
Aside from older age and male sex, the most common CV risk factors at baseline were smoking, hypertension, obesity, hypercholesterolemia, and hyperlipidemia ( Cardiac disorders as a system organ class were reported in 36.1% of patients at baseline ( Table 2 ). Among these, the most commonly reported conditions were coronary artery disease (15.6%), myocardial infarction (5.2%), and atrial fibrillation (4.7%). Overall, 566 patients (45.4%) had C 3 CV risk factors (excluding age or sex) [30] [31] [32] . The CV-related medical history profiles at baseline were generally similar between the pirfenidone and placebo groups. History of deep vein thrombosis and pulmonary embolism at baseline was reported in 2.2% and 1.1% of all patients, respectively ( Table 2) .
During the treatment period of the pirfenidone phase III trials, the most common concomitant CV medications were lipid-modifying agents (60.3%), antithrombotic agents (54.2%), inhibitors of the renin-angiotensin-aldosterone system (38.7%), and beta-blockers (25.0%) ( Table 3 ). Concomitant use of angiotensin-converting enzyme inhibitors, warfarin, heparin, and statins was permitted in the pirfenidone trials for treatment of a non-IPF indication if no other clinically acceptable therapy for the same indication was available. Almost half of all patients (48.9%) were receiving antiplatelet agents, and 12.2% were receiving anticoagulation agents. Overall, the use of various CV-related medications was generally similar between the pirfenidone and placebo groups.
CV and Bleeding Events
In this pooled analysis, the median (range) durations of exposure to pirfenidone 2403 mg/day and placebo were 12.3 months ([ 0-27 months) and 12.5 months ([ 0--28 months), respectively. MACE-plus events were reported in 2.3% of patients overall. CV death occurred in 0.6% of patients (due to myocardial infarction in 2 patients and acute myocardial infarction, acute cor pulmonale, arrhythmia, cardiac arrest, hemorrhagic stroke, and sudden cardiac death in 1 patient each), and non-fatal myocardial infarction in 0.6%, non-fatal stroke in 0.8%, and acute coronary syndrome in 0.2% of patients (Table 4) .
No difference was observed in the incidence of MACE-plus events between patients in the pirfenidone and placebo groups; MACE-plus events were reported in 1.8% of patients in the pirfenidone group and 2.9% of patients in the placebo group (P = 0.2593) ( Fig. 1a , Table 4 ). CV death was reported in 0.5% of patients in the pirfenidone group and 0.8% of patients in the placebo group. Non-fatal myocardial infarction was reported in 0.5% of patients in the pirfenidone group and 0.8% of patients in the placebo group, and non-fatal stroke was reported in 0.6% of patients in the pirfenidone group and 1.0% of patients in the placebo group. Acute coronary syndrome events were reported BMI body mass index a Data on packs per day were collected only in the CAPACITY studies in 692 patients (345 for pirfenidone and 347 for placebo) b Current smokers were excluded from the ASCEND study in 0.2% of patients in the pirfenidone group and 0.3% of patients in the placebo group. Bleeding events were reported in 4.0% of patients overall, the most common being hemoptysis in 1.6% of patients ( Table 4 ). The incidence of bleeding events was not different between the pirfenidone and placebo groups, occurring in 3.7% of patients in the pirfenidone group and 4.3% of patients in the placebo group (P = 0.6654) (Fig. 1b) .
No difference was observed in the time to first MACE-plus or bleeding event between the pirfenidone and placebo groups (Fig. 2) .
IPF Outcomes in Patients Receiving Concomitant CV Medications
The effect of pirfenidone on the outcomes of death, respiratory-related hospitalization, a composite of C 10% absolute decline in % predicted FVC or death, and a composite of C 10% absolute decline in % predicted FVC, respiratory-related hospitalization, or death from baseline to month 12 is shown in Fig. 3 and S1 Table, according to the use or non-use of selected concomitant CV medications. Except for patients receiving heparin, pirfenidone had a beneficial effect on outcomes among both users and non-users of all concomitant CV medications analyzed. The benefit of pirfenidone over placebo on the outcomes of death and respiratory-related hospitalizations was greater among statin users than non-users. The benefit of pirfenidone compared with placebo was evident in both users and non-users of warfarin.
DISCUSSION
Given the older age and high reported prevalence of CV-related comorbidities in patients with IPF, the purpose of this analysis was to describe the frequency of baseline CV risk factors, CV comorbidities, and related concomitant medication use and to assess CV and bleeding events in patients with IPF from the pirfenidone phase III clinical trials. The impact of specific CV medication use concomitant with pirfenidone on clinical outcomes was also examined. Consistent with previous reports and with findings in real-world observational registries, CV risk factors and comorbidities were highly prevalent in patients with IPF enrolled in the pirfenidone phase III trial population [8] [9] [10] [27] [28] [29] . Current or former smoking, hypertension, obesity, hypercholesterolemia, and hyperlipidemia were the most common risk factors, reported in 65%, 52%, 44%, 23%, and 23% of patients, respectively. The percentages of patients with CV risk factors in the pirfenidone phase III trials were consistent with data from prospective real-world registries, including PASSPORT (patients using pirfenidone) and INSIGHTS-IPF and IPF-PRO (patients with IPF), although actual rates varied, and the low number of patients in IPF-PRO limits comparisons (S1 Fig) [27] [28] [29] . In PASS-PORT, hypertension and coronary artery disease were reported in 42% and 11% of patients at baseline, respectively. In INSIGHTS-IPF, coronary artery disease was reported in 25% of patients at baseline; in IPF-PRO, sleep apnea and coronary artery disease were reported in 29% and 31% of patients at baseline, respectively. In this IPF clinical trial population, the use of concomitant CV and antithrombotic medications was frequent, with approximately half of all patients receiving statins (50.4%) and/or antiplatelet agents (48.9%). The percentage of patients who experienced CV or bleeding events was similar between groups receiving pirfenidone 2403 mg/day or placebo.
The beneficial effect of pirfenidone on the month 12 outcomes of death, respiratory-related hospitalization, and composites (including C 10% absolute decline in % predicted FVC) was generally apparent in both users and nonusers of CV and antithrombotic medications. The overall benefit of pirfenidone on these ASA acetylsalicylic acid, RAAS renin-angiotensin-aldosterone system a The maximum study durations of treatment with pirfenidone and placebo in the pooled clinical trials were 27 and 28 months, respectively. All concomitant medication use during those periods has been included outcomes among patients receiving warfarin is encouraging considering current international guidelines, which strongly recommend against the use of warfarin in patients with IPF [33] . This recommendation is based on the results of the ACE-IPF study, which evaluated warfarin as a primary therapy for IPF [16] . Not only did warfarin fail to exhibit efficacy in ACE-IPF, but patients with IPF receiving warfarin had increased mortality [16] . In a previous analysis, patients in the phase III trials who were randomized to placebo and received anticoagulants had an increased risk of IPF-related mortality vs non-users of anticoagulants, supporting the results in the ACE-IPF study [17, 18] . In contrast, our findings suggest that warfarin can be safely administered with pirfenidone and retain the beneficial effect of pirfenidone without detriment to the patient. Importantly, most patients receiving warfarin did so for the entire study period. However, because of the small number of patients treated with both pirfenidone and warfarin during the first year (n = 28; S1 Table) , these findings must be interpreted with caution. No apparent difference was observed in outcomes between pirfenidone and placebo among heparin users; this finding should also be interpreted with caution due to small sample size (n = 25 for pirfenidone; n = 40 for placebo; S1 Table) and limited duration of use during the study period (most patients received heparin for B 30 days). To examine the effects of pirfenidone on clinical efficacy outcomes, larger real-world studies of patients receiving anticoagulants for treatment of medical indications will need to be analyzed. Among users of statins, treatment with pirfenidone was associated with a beneficial effect at month 12 on death, respiratory-related hospitalizations, and the composite endpoints, including C 10% absolute decline in % predicted FVC. Statin use in patients with IPF has shown potential clinical benefits. A post hoc analysis of the use of statins in patients in the placebo arms of the pirfenidone phase III trials found that statin use was associated with [15] . Previous integrated analyses of the clinical trials of pirfenidone demonstrated its favorable long-term safety [34, 35] . Given the older age and high reported prevalence of CV risk factors and comorbidities in patients with IPF, it is important to understand the impact of IPF treatment specifically on CV and bleeding risks. MACE-plus and bleeding events occurred in 2.3% and 4.0% of the clinical trial population, respectively, over a median duration of exposure to study drug of approximately 12 months. The incidences of MACE-plus and bleeding events were similar between the pirfenidone and placebo groups, suggesting that pirfenidone did not increase the risk of CV or bleeding events compared with placebo.
Although many factors such as lifestyle and convenience contribute to the choice of treatment in IPF, given the potential to affect comorbid conditions and interact with concomitant medications, a drug's mechanism of action is also an important consideration. Although the exact mechanism of action of pirfenidone is unclear, this analysis suggests that pirfenidone treatment does not affect CV or bleeding risk in patients with IPF, many of whom have increased numbers of CV risk factors and comorbidities. Interestingly, in a rat model of cardiac fibrosis, pirfenidone demonstrated a protective effect, which may be partially controlled by a feedback loop of the angiotensin II type 1 receptor/p38 mitogen-activated kinase/renin-angiotensin system axis via liver X receptor-a activation [36] . Furthermore, the use of several concomitant CV medications, including warfarin, did not appear to adversely impact the benefit of pirfenidone on efficacy outcomes. Considering the high prevalence of patients with CV risk factors in the IPF population as confirmed in this analysis, in addition to the recent study showing the association of CV disease with increased mortality in patients with IPF, the findings here provide an additional consideration when implementing treatment for IPF, especially in patients with CV risk factors [14] . Of note, use of nintedanib, presumably because of one of its mechanisms of action (inhibition of vascular endothelial growth factor receptor), is associated with bleeding events and arterial thromboembolic events, which are listed among the warnings and precautions in the prescribing information [37] .
Study Limitations
This analysis is limited to a carefully selected IPF clinical trial population; patients with unstable or deteriorating cardiac disease within the previous 6 months were excluded from the pirfenidone clinical trials. Despite this limitation, CV comorbidities and CV medication use were common, and CV events were found to be relatively infrequent over the limited duration of the studies. The occurrence of CV events might be higher in broader groups of patients with IPF. This reasoning underscores the importance of comorbidity awareness in patients with IPF by all providers because pulmonologists typically rely on close collaboration with primary care providers in the comprehensive management of these complicated cases. In addition, this was a post hoc analysis of studies in which MACE-plus and bleeding events were included as reported by the investigator. Concomitant use of some CV medications of interest (e.g., anticoagulants such as warfarin and heparin) was limited in this cohort; therefore, these findings need to be interpreted with caution. forced vital capacity, HR hazard ratio. *Only medications with a start date on or before day 365 were included in this analysis, which evaluated outcomes for 12 months. Heparin includes low-molecular-weight heparins. Subgroup n and HR values can be found in S1 Table
CONCLUSIONS
Awareness of CV risk factors, CV comorbidities, and use of concomitant medications is an important consideration in the management and treatment of patients with IPF. In this large, controlled study of patients with IPF, our findings confirm that CV risk factors and comorbidities are highly prevalent in patients with IPF and suggest that pirfenidone does not increase the risk of MACE-plus or bleeding events in these patients. The benefit of pirfenidone on clinical outcomes did not appear to be adversely impacted by use of several concomitant CV medication classes, including warfarin, antiplatelet agents, and statins. Compared with non-users of statins, patients receiving statins displayed a greater benefit of pirfenidone compared with placebo on the outcomes of death and respiratory-related hospitalization. No deleterious effects of treatment with pirfenidone on mortality or other clinical endpoints were observed in patients receiving warfarin; however, because of the small number of patients treated, no firm conclusions can be drawn. Larger studies are needed to investigate the effect of pirfenidone treatment on clinically important outcomes in patients receiving warfarin.
